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(54) SUBSTRATE CLEANING METHOD AND DEVELOPING APPARATUS 



(57) A cleaning method highly effectively cleans a 
surface of a semiconductor wafer by removing a disso- 
lution product, produced when a surface of a semicon- 
ductor wafer is processed by a developing process that 
develops an exposed film formed on the semiconductor 
wafer by wetting the exposed film with a developer, from 
the surface of the semiconductor wafer. A cleaning liquid 
is poured through a cleaning liquid pouring nozzle onto 
a central part of a rotating wafer processed by a devel- 
oping process to spread the cleaning liquid in a film over 
the surface of the wafer. Then, the cleaning liquid pouring 
nozzle is shifted to create a dry area in a central part of 
the wafer and the wafer is rotated at 1 500 rpm to expand 
the dry area. The cleaning liquid pouring nozzle is moved 
at a nozzle moving speed high enough to keep the clean- 
ing liquid pouring position ahead of the margin of the dry 



area and pouring the cleaning liquid is stopped upon the 
arrival of the cleaning liquid pouring nozzle at a prede- 
termined position at 80 mm from the center of the wafer 
or at 5 mm above toward the center of the wafer from the 
peripheral edge of the wafer. The cleaning liquid may be 
poured through another cleaning liquid pouring nozzle 
disposed beforehand at the predetermined position and 
pouring the cleaning liquid through the cleaning liquid 
pouring nozzle may be stopped immediately before the 
margin of the dry area reaches a part onto which the 
cleaning liquid is poured through the cleaning liquid pour- 
ing nozzle. Preferably, a gas is blown instantaneously 
against the central part of the wafer to form a core fore 
the dry area. 
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(a) START OF POURING THE CLEANING 
LIQUID ONTO A CENTRAL PART OF 
THE WATER 



. (b) RADIAL MOVEMENT OF THE CLEANING 
LIQUID POURING NOZZLE 



(C) STOP OF POURING THE 
CLEANING LIQUID 




4 CLEANING LIQUID 
POURING NOZZLE 



W WAFER 




(d) EXPANSION OF THE DRY AREA 
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DRY AREA 

(e) DRYING THE WAFER BY SHAKING 
OFF THE CLEANING LIQUID 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method of 
cleaning surfaces of a substrate processed by a devel- 
oping process which wets the surfaces of the substrate 
with a developer after exposure, and a developing appa- 
ratus for carrying out the method. 

Description of the Related Art 

[0002] A resist pattern forming process is one of sem- 
iconductor device fabricating processes. The resist pat- 
tern forming process spreads a photoresist over a sur- 
face of a semiconductor wafer (hereinafter, referred to 
simply as "wafer") in a photoresist film, exposes the pho- 
toresist film through a mask of a predetermined pattern, 
and develops the exposed photoresist film to form a resist 
pattern. Generally, this resist pattern forming process is 
carried out by a resist-applying-and-developing system 
formed by combining an exposure apparatus, and a de- 
veloping apparatus capable of forming a resist film and 
of developing the exposed resist film. 
[0003] A developing process included in a series of 
processes forms a resist pattern by wetting a surface 
coated with a resist film of a wafer with a developer and 
leaving the wetted wafer stationary for a predetermined 
time to remove soluble parts of the resist film. Then, the 
wafer is subjected to a cleaning process to remove a 
dissolution product produced by the dissolution of the 
resist, and the developer from the surface of the wafer. 
A spin cleaning method, namely, a conventional cleaning 
method, supplies a cleaning liquid onto a central part of 
the rotating wafer, and spreads the cleaning liquid by 
centrifugal force to wash out the dissolution product and 
the developer by the cleaning liquid. The spin cleaning 
method, however, is incapable of completely removing 
the dissolution product. Such an insufficient cleaning ef- 
fect of the spin cleaning method is not a problem when 
the component lines of the resist pattern are wide. How- 
ever, the possibility of the residual dissolution product 
producing development defects increases with decrease 
in the width of the component lines of the resist pattern. 
For example, the spin cleaning methods needs to con- 
tinue a cleaning operation as long as 60 s, which is a 
principal factor causing the reduction of throughput. Cost 
reduction competition has been intensified in the semi- 
conductor industry in recent years, the improvement of 
the throughput of semiconductor device fabricating proc- 
esses is an urgent necessity. Since the resist pattern 
forming process has many steps, it is desired to reduce 
the process times of the steps to the shortest possible 
times. It is hardly possible to ensure perfect cleaning be- 
cause, in some cases, the dissolution product cannot be 
completely removed even if the wafer is cleaned for a 



long cleaning time. 

[0004] Fig. 1 3 is a typical view of assistance in explain- 
ing a spin cleaning method. A wafer W is held on a spin 
chuck 1 , and the spin chuck 1 is rotated. Then, a cleaning 
5 liquid R is poured through a nozzle 1 1 onto a central part 
of the rotating wafer W. The cleaning liquid R spreads 
over the surface of the wafer W in a cleaning liquid film. 
It is considered that particles P of a dissolution product 
remain in the interface between the flowing cleaning liq- 
10 uid film of the cleaning liquid R and the surface of the 
wafer W. In another word, it is considered that the flowing 
cleaning liquid R is unable to wet the surface of a pattern 
formed on the wafer W satisfactorily or that flowing ve- 
locity of the cleaning liquid R in the interface is decreased 
15 by some cause. 

[0005] A cleaning method disclosed in Patent docu- 
ment 1 pours a cleaning liquid onto a central part of a 
rectangular substrate being rotated at a low rotating 
speed on the order of 200 rpm, blows nitrogen gas 
against the surface of the substrate immediately after 
pouring the cleaning liquid onto the substrate. A liquid 
pouring position, onto which the cleaning liquid is poured, 
on the substrate and a gas blowing position, onto which 
nitrogen gas is blown, on the substrate are shifted simul- 
taneously from the central part of the substrate toward a 
peripheral part of the same. A cleaning liquid pouring 
operation is stopped upon the shift of the liquid pouring 
position to a position on an inscribed circle tangentto the 
sides of the substrate. 

[0006] When nitrogen gas is blown onto the gas flowing 
position behind the liquid pouring position onto which the 
cleaning liquid is poured as the liquid pouring position is 
shifted radially, the flow of the cleaning liquid is disturbed 
by the nitrogen gas, and particles separated from the 
surface of the wafer W are unable to flow together with 
the cleaning liquid and remain on the wafer W. Although 
this known cleaning method is more effective than the 
spin cleaning method, this known cleaning method has 
difficulty in exercising a high cleaning effect. 
[0007] Patent document 1: JP-A 2002-57088, Para- 
graphs 0047 and 0049 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of such problems and it is therefore an object of the 
present invention to provide a cleaning method of clean- 
ing the surface of a substrate processed by a developing 
process that develops an exposed film formed on the 
substrate by wetting the exposed film with a developer, 
capable of exercising a high cleaning effect and of ac- 
complishing a cleaning process in a short time, and to 
provide acleaning apparatus for carrying outthe cleaning 
method. 

[0009] A cleaning method of cleaning a surface of a 
substrate processed by a developing process that devel- 
ops an exposed film formed on the substrate by wetting 
the exposed film with a developer includes the steps of: 
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pouring a cleaning liquid onto a central part of the sub- 
strate held in a horizontal position on a substrate holding 
device rotating about a vertical axis; 
creating a dry area not wetted with the cleaning liquid in 
a central part of the substrate by stopping pouring the 
cleaning liquid or by shifting a cleaning liquid pouring 
position to which the cleaning liquid is poured from the 
central part while the substrate holding device is rotating; 
expanding the dry area outward from the central part of 
the substrate by with rotating the substrate holding device 
at a rotating speed not lowerthan 1 500 rpm without pour- 
ing the cleaning liquid onto the dry area; and pouring the 
cleaning liquid onto an outer area contiguously surround- 
ing the dry area on the surface of the substrate. 
[001 0] The upper limit of the rotating speed of the sub- 
strate is determined such that a marginal part of the 
cleaning liquid contiguous with the margin of the circular 
dry area is able to wash out particles remaining on the 
surface of the substrate as the circular dray area expands 
radially. Preferably, the rotating speed of the substrate 
is between 1500 and 2500 rpm. A desirable rotating 
speed of the substrate is about 2000 rpm to avoid pro- 
ducing a mist of the cleaning liquid. 
[0011] The cleaning method according to the present 
invention may further include the step of stopping pouring 
the cleaning liquid at a position inside the peripheral edge 
of the substrate and at a predetermined distance from 
the center of the substrate succeeding the step of pouring 
the cleaning liquid onto an area outside the dry area. 
[0012] Preferably, the predetermined distance from 
the center of the substrate is 50 mm or above if the sub- 
strate is a semiconductor wafer of a diameter not smaller 
than 8 in. Preferably, the predetermined distance is in 
the range of 50 mm from the center of the substrate to a 
distance from the center of the substrate to a position at 
a distance of 5 mm or above toward the center from the 
peripheral edge of the substrate. More specifically, the 
predetermined distance from the center of the substrate 
is in the range of 50 to 95 mm, i.e., a distance in the range 
of 50 mm from the center of the substrate to a distance 
from the center of the substrate to a position at 5 mm or 
above from the peripheral edge toward the center of the 
substrate, if the substrate is an 8 in. diameter semicon- 
ductor wafer. Normally, the predetermined distance is 80 
mm for an 8 in. diameter semiconductor wafer. The pre- 
determined distance is 50 mm or above from the center 
of the substrate and 1 45 mm or below from the center of 
the substrate, i.e., a distance in the range of 50 mm from 
the center of the substrate to a distance from the center 
of the substrate to a position at 5 mm or above from the 
peripheral edge toward the center of the substrate, if the 
substrate is an 1 2 in. diametersemiconductor wafer. Nor- 
mally, the predetermined distance is 80 mm for a 12 in. 
diameter semiconductor wafer. 

[001 3] The step of pouring the cleaning liquid onto the 
outer area contiguously surrounding the dry area on the 
surface of the substrate may pour the cleaning liquid 
through a cleaning liquid pouring nozzle for pouring the 



cleaning liquid onto the central part of the substrate or 
through another nozzle. 

[0014] Preferably, the step of pouring the cleaning liq- 
uid onto the outer area contiguously surrounding the dry 
5 area on the surface of the substrate is performed with 
reference to data on the expanse of the dry area provided 
by an image sensor. 

[0015] Preferably, the step of creating a dry area in a 
central part of a substrate includes, in addition to stopping 

10 pouring the cleaning liquid or shifting a position onto 
which the cleaning liquid is poured radially outward from 
the center of the substrate, blowing a gas onto a central 
part of the substrate for a moment and instantly stopping 
blowing the gas. 

15 [0016] A developing apparatus for developing an ex- 
posed film formed on a substrate by pouring a developer 
through a developer pouring nozzle onto the exposed 
film and subsequently cleaning the surface of the sub- 
strate in a second aspect of the present invention in- 

20 eludes: a substrate holding device for holding a substrate 
- in a horizontal position; a rotating mechanism for rotating 
the substrate holding device about a vertical axis; a clean- 
ing liquid pouring nozzle for pouring a cleaning liquid onto 
the substrate held by the substrate holding device; a noz- 

25 z(e driving mechanism for shifting the cleaning liquid 
pouring nozzle; and a program specifying an operation 
including the steps of: rotating the substrate holding de- 
vice and pouring the cleaning liquid through the cleaning 
liquid pouring nozzle onto a central part of the substrate; 

30 creating a dry area not wetted with the cleaning liquid in 
a central part of the substrate by shifting the cleaning 
liquid pouring nozzle radially outward from the central 
part of the substrate; expanding the dry area radially out- 
ward from the central part of the substrate by rotating the 

35 substrate holding device at a rotating speed not lower 
than 1500 rpm and moving the cleaning liquid pouring 
nozzle radially outward at a nozzle moving speed high 
enough to keep the cleaning liquid pouring position 
ahead of the margin of the dry area. 

^0 [0017] The program may be designed to execute a 
step of stopping pouring the cleaning liquid at a position 
on the substrate at a distance from the peripheral edge 
toward the center of the substrate and at a predetermined 
distance from the center toward the peripheral edge of 

^5 the substrate in addition to the step of moving the clean- 
ing liquid pouring position radially outward at a speed 
high enough to keep the cleaning liquid pouring position 
ahead of the margin of the dry area. The nozzle moving 
speed high enough to keep the cleaning liquid pouring 

50 position ahead of the margin of the dry area may be in 
the range of 1 0 to 30 mm/s. Preferably, a normal nozzle 
moving speed is about 10 mm/s. The developing appa- 
ratus may further include a gas blowing nozzle for blowing 
a gas onto the substrate. When the developing apparatus 

55 includes the gas blowing nozzle, the step of creating a 
dry area in a central part of the substrate may include 
blowing a gas onto a central part of the substrate for a 
moment immediately after shifting the cleaning liquid 
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pouring position from the center of the substrate radially 
outward and instantly stopping blowing the gas. 
[0018] The developing apparatus may further include 
an image sensor capable of providing data on the ex- 
panse of the dry area, and the program may be so de- 5 
signed as to execute the step of moving the cleaning 
liquid pouring nozzle radially outward at a nozzle moving 
speed high enough to keep the cleaning liquid pouring 
position ahead of the margin of the dry area with refer- 
ence to the data on the expanse of the dry area provided io 
by the image sensor. 

[0019] A developing apparatus for developing an ex- 
posed film formed on a substrate by pouring a developer 
through a developer pouring nozzle onto the exposed 
film and subsequently cleaning the surface of the sub- 15 
strate in a third aspect of the present invention includes: 
a substrate holding device for holding a substrate in a 
horizontal position; a rotating mechanism for rotating the 
substrate holding device about a vertical axis; first and 
second cleaning liquid pouring nozzles for pouring a 20 
cleaning liquid onto the substrate held by the substrate 
holding device; and a program specifying an operation 
including the steps of rotating the substrate holding de- 
vice, pouring the cleaning liquid through the first cleaning 
liquid pouring nozzle onto a central part of the substrate, 25 
and pouring the cleaning liquid through the second clean- 
ing liquid pouring nozzle onto a position at a position at 
a predetermined distance from the center of the sub- 
strate; creating a dry area not wetted with the cleaning 
liquid in a central part of the substrate by stopping pouring 30 
the cleaning liquid through the first cleaning liquid pouring 
nozzle; expanding the dry area radially outward from the 
central part of the substrate by rotating the substrate hold- 
ing device at a rotating speed not lower than 1500 rpm, 
and stopping pouring the cleaning liquid through the sec- 35 
ond cleaning liquid pouring nozzle before the dry area 
expands to a position onto which the second cleaning 
liquid pouring nozzle pours the cleaning liquid or moving 
the second cleaning liquid pouring nozzle radially out- 
ward at a nozzle moving speed high enough to keep the *o 
cleaning liquid pouring position ahead of the margin of 
the dry area. 

[0020] The developing apparatus of the present inven- 
tion may further include a gas blowing nozzle for blowing 
a gas onto the substrate, wherein the step of creating a 45 
dry area not wetted with the cleaning liquid in a central 
part of the substrate may include blowing the gas through 
the gas blowing nozzle onto the central part of the sub- 
strate immediately after stopping pouring the cleaning 
liquid through the first cleaning liquid pouring nozzle and 50 
instantly stopping blowing the gas. 
[0021] The developing apparatus may further include 
an image sensor capable of providing data on the ex- 
panse of the dry area, wherein the step of stopping pour- 
ing the cleaning liquid through the second cleaning liquid 55 
pouring nozzle before the dry area expands to a position 
onto which the second cleaning liquid pouring nozzle 
pours the cleaning liquid or moving the second cleaning 



liquid pouring nozzle radially outward at a nozzle moving 
speed high enough to keep the cleaning liquid pouring 
position ahead of the margin of the dry area is executed 
with reference to the data on the expanse of the dry area 
provided by the image sensor. 

[0022] The present invention pours the cleaning liquid 
onto a central part of the rotating substrate processed by 
the developing process to form afilm of the cleaning liquid 
over the surface of the substrate, creates the dry area in 
the central part of the substrate, and rotates the substrate 
at a rotating speed not lower than 1500 rpm to expand 
the dry area radially by centrifugal force. Thus the dis- 
solved product produced by the developing process can 
be very effectively removed, the amount of foreign mat- 
ters remaining on the surface of the substrate can be 
reduced, and defects produced by the developing proc- 
ess and remaining on the substrate can be reduced. It is 
inferred that such an effect of reducing defects produced 
by the developing process and remaining on the sub- 
strate owes to the rapid, forcible radially outward run of 
a marginal part of the cleaning liquid film contiguous with 
the margin of the dry area, and the high capability of the 
marginal part of the cleaning liquid film for carrying the 
dissolution product away together with the cleaning liq- 
uid. 

[0023] The dry area can be created in the central area 
more surely when the gas is blown onto the central part 
of the substrate after radially spreading the cleaning liq- 
uid poured onto the central part of the substrate in a clean- 
ing liquid film and blowing the gas is stopped instantly 
than when any gas is not blown onto the central part of 
the substrate. Consequently, the effect of cleaning an 
area near the central area can be enhanced. 
[0024] When pouring the cleaning liquid is stopped at 
a position at a position inside the peripheral edge of the 
substrate and at a predetermined distance from the cent- 
er of the substrate, the disturbance of the cleaning liquid 
poured onto the substrate by high centrifugal force that 
acts on the cleaning liquid on the substrate rotating at a 
high rotating speed not lower than 1500 rpm and hence 
cleaning effect of the cleaning liquid can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

Fig. 1 is a schematic longitudinal sectional view of a 
developing apparatus in a first embodiment accord- 
ing to the present invention; 
Fig. 2 is a schematic plan view of the developing 
apparatus in the first embodiment; 
Fig. 3 is schematic perspective view of assistance 
in explaining pouring a cleaning liquid onto the sur- 
face of a wafer; 

Figs. 4(a) to 4(e) are schematic perspective views 
of assistance in explaining a method of cleaning a 
wafer by the developing apparatus in the first em- 
bodiment after a developing process; 
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Figs 5(a) and 5(b) are typical views of assistance in 
explaining a process of cleaning the surface of a wa- 
fer, 

Fig. 6 is a schematic side elevation of an essential 
part of a developing apparatus in a second embod- 
iment according to the present invention; 
Figs. 7(a) to 7(f) are schematic perspective views of 
assistance in explaining a method of cleaning a wa- 
fer by the developing apparatus in the second em- 
bodiment after a developing process; 
Figs. B(a) to 8(d) are schematic perspective views 
of assistance in explaining a method of cleaning a 
wafer by a developing apparatus in a third embodi- 
ment according to the present invention after a de- 
veloping process; 

Fig. 9 is a schematic side elevation of an essential 
part of a developing apparatus in a fourth embodi- 
ment according to the present invention; 
Figs. 1 0(a) to 1 0(e) are schematic perspective views 
of assistance in explaining a method of cleaning a 
wafer by a developing apparatus in the third embod- 
iment according to the present invention after a de- 
veloping process; 

Fig. 1 1 is a schematic plan view of a resist pattern 
forming system including the foregoing developing 
apparatus; 

Fig. 12 is a perspective view of the resist pattern 
forming system including the foregoing developing 
system; and 

Fig. 13 is a typical view of assistance in explaining 
cleaning the surface of a wafer by. a conventional 
cleaning method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0026] A developing apparatus in a first embodiment 
according to the present invention will be described with 
reference to Figs. 1 and 2. Indicated at 2 in Figs. 1 and 
2 is a spin chuck, namely, a substrate holding device, for 
holding, for example, a wafer W, namely, a substrate, by 
suction in a horizontal position. The spin chuck 2 has a 
shaft 21 interlocked with a driving mechanism 22 includ- 
ing a rotative mechanism. The spin chuck 2 holding the 
wafer W is able to rotate and to move vertically. The wafer 
W is held by the spin chuck 2 coaxially with the shaft 21 
of the spin chuck 2. 

[0027] A cup device 3 opening upward surrounds the 
wafer W held on the spin chuck 2. The cup device 3 has 
an outer cup 31 having a rectangular upper part and a 
cylindrical lower part, and an inner cup 32 having a ta- 
pered upper part tapering upward. A lifting device 33 is 
connected to the lower end of the outer cup 31 to move 
the outer cup 31 vertically. A flange formed at the lower 
end of the outer cup 31 comes into contact with the inner 
cup 32 to raise the inner cup 32 as the outer cup 31 



moves upward. 

[0028] A disk 34 is disposed at a lower part of the spin 
chuck 2. An annular liquid sump 35 defining an annular 
space having a U-shaped cross section is attached to 
5 the circumference ofthedisk34. A drain port 36 is formed 
in the bottom wall of the liquid sump 35. A developer and 
a cleaning liquid dripped from the wafer W or shook off 
the wafer W collect in the liquid sump 35 and are drained 
through the drain port 36. A ring 37 having a triangular 
10 cross section surrounds the disk 34. For example three 
vertically movable substrate support pins, not shown, ex- 
tend vertically through the disk 34. The wafer W is placed 
on and is taken away fromthe spin chuck2 by cooperative 
operations of a substrate carrying device, not shown, and 
is the substrate support pins. 

[0029] The developing apparatus is provided with a 
developer pouring nozzle 23 and a cleaning liquid pour- 
ing nozzle 4. As shown in Fig. 2, the developer pouring 
nozzle 23 has a nozzle exit 23a having the shape of, for 
example, a slit parallel to a diameter of the wafer W held 
on the spin chuck 2. The developer pouring nozzle 23 is 
connected to a developer supply system 25 by a devel- 
oper supply line 24, such as a pipe. The developer supply 
system 25 includes a developersource and a supply con- 
troller. 

[0030] A nozzle support arm 26 has one end support- 
ingthe developerpouring nozzle 23 thereon andthe other 
end connected to a carrying device 27 provided with a 
lifting mechanism, not shown. The carrying device 27 
including the lifting mechanism is moved laterally along 
a guide member 28 extended in an X direction, for ex- 
ample, on the bottom wall of a casing by a driving mech- 
anism, not shown. The developer pouring nozzle 23 is 
held by a nozzle holding device 29 at its home position. 
The nozzle holding device 29 cleans the tip of the devel- 
oper pouring nozzle 23. 

[0031] As shown in Fig. 2, the cleaning liquid pouring 
nozzle 4 has a small nozzle exit 41 of, for example 4.3 
mm in diameter (a 1/4 tube having a wall thickness of 1 .0 
mm). A cleaning liquid supply line 42, such as a pipe, 
has one end connected to the cleaning liquid pouring 
nozzle 4 and the otherend connected to a cleaning liquid 
supply system 43. The cleaning liquid supply system 43 
includes a cleaning liquid source and a supply controller 
provided with a variable discharge pump and valves. An 
arm 44 has one end holding the cleaning liquid pouring 
nozzle 4 andthe other end connected to a carrying device 
45 provided with a lifting mechanism, not shown. The 
carrying device 45 is moved laterally together with the 
lifting mechanism along, for example, the guide member 
28 by a driving mechanism, not shown so that the clean- 
ing liquid pouring nozzle 4 may not collide with the de- 
veloper pouring nozzle 23. The cleaning liquid pouring 
nozzle 4 is held at its home position by a nozzle holding 
device 46. 

[0032] A controller 5 including a computer is provided 
with a program specifying a procedure including steps to 
be executed by the developing apparatus. The controller 
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5 provides control signals according to the program to 
control the developer supply system 25, the driving 
mechanism for moving the developer pouring nozzle 23, 
the cleaning liquid supply system 43, the driving mech- 
anism for moving the cleaning liquid pouring nozzle 4, 
the driving mechanism 22 for driving the spin chuck 2, 
and the lifting device 33 for vertically moving the cup de- 
vice 3. 

[0033] A description will be made of a series of steps 
of a developing and cleaning procedure for developing 
an exposed resist film formed on the wafer W, namely, 
the substrate, and cleaning the wafer W after develop- 
ment. The outer cup 31 and the inner cup 32 are at their 
lower positions, andthe developer pouring nozzle 23 and 
the cleaning liquid nozzle 4 are held by the nozzle holding 
devices 29 and 46, respectively. The wafer W on which 
the exposed resist film is formed is carried by the sub- 
strate carrying device, not shown, to the developing ap- 
paratus. Then, the wafer W is placed on the spin chuck 
2 by the cooperative operations of the substrate carrying 
device and the substrate support pins. 
[0034] Subsequently, the outer cup 31 and the inner 
cup 32 are placed at their upper positions, respectively. 
The developer pouring nozzle 23 is disposed at a position 
slightly outside the left end, as viewed in Fig. 2, of the 
peripheral edge of the wafer and at a low height from a 
plane containing the upper surface of the wafer W, and 
the cleaning liquid pouring nozzle 4 is disposed such that 
the nozzle exit 41 thereof is, for example, at a position 
slightly outside the right end, as viewed in Fig. 2, of the 
peripheral edge of the wafer W and at a low height from 
the plane containing the upper surface of the wafer W. 
The nozzle exit 23a of the developer pouring nozzle 23 
is at a height, for example, in the range of 1 to 20 mm 
from the plane containing the surface of the wafer W. 
[0035] Then, the wafer W is rotated, for example, at a 
rotating speed of 500 rpm or above about a vertical axis 
and the developer pouring nozzle 23 is moved radially 
inward, i.e., toward the center of the wafer W, while a 
developer D is poured out in a band through the nozzle 
exit 23a having the shape of a slit. In this embodiment, 
the rotating speed of the wafer w is, for example, in the 
range of 1000 to 1200. rpm. Thus the developer D is 
poured through the nozzle exit 23a in a substantially spi- 
ral band on the surface of the wafer W as shown in Fig. 
3. Since the wafer W is rotating, the developer D poured 
onto the surface of the wafer W is forced to move radially 
outward along the surface of the wafer W by centrifugal 
force and, consequently, a thin film of the developer D is 
formed over the surface of the wafer W. Parts, dissolvable 
in the developer D, of the exposed resist film dissolves 
in the developer D and parts, undissolvable in the devel- 
oper D, of the resist film forms a resist pattern. 
[0036] Advantages of this developing method will be 
mentioned. When the developer D is poured in a band 
having a width extending in a direction parallel to the 
radius of the wafer W onto the wafer W rotating about a 
vertical axis, a, substantially spiral band of the developer 



D is formed on the surface of the wafer W. therefore, 
the developer pouring nozzle 23 can be moved at a high 
moving speed and hence the resistfilm can be developed 
in a short developing time. When the wafer W is kept 
5 rotating during development, a dissolution product pro- 
duced by dissolving the dissolvable parts of the resist 
film in the developer can be removed and the dissolution 
product can be forced out of recesses in the resist pattern 
to remove the dissolution product from the wafer W. 
10 [0037] Then, the developer pouring nozzle 23 is re- 
turned to its home position and the cleaning liquid pouring 
nozzle 4 is disposed above a central part of the wafer W. 
Immediately after the developer pouring nozzle 23 has 
stopped pouring the developer D. the cleaning liquid 
15 pouring nozzle 4 starts pouring a cleaning liquid R to 
clean the surface of the wafer W. A cleaning process for 
cleaning the surface of the wafer W will be described with 
reference to Figs. 4 and 5. The cleaning process includes 
the following steps. 

[0038] Step 1: Referring to Fig. 4(a), the cleaning liquid 
pouring nozzle 4 is disposed opposite to the center of 
the wafer W at a height in the range of 1 0 to 20 mm, for 
example at a height of 16 mm from the surface of the 
wafer W. The cleaning liquid is poured through the clean- 
ing liquid pouring nozzle 4 onto a central part of the wafer 
W at a discharge rate in the range of 1 00 to 750 ml/min; 
preferably, in the range of 250 to 500 ml/min for 5 s. The 
cleaning liquid is, for example, pure water. The cleaning 
liquid poured onto the wafer W is forced to flow from the 
central part toward the peripheral edge of the wafer W 
by centrifugal force and forms a cleaning liquid film over 
the surface of the wafer W. The central part of the wafer 
W is an area at the center of the wafer W or an area in 
the vicinity of the center of the wafer W. 
[0039] Step 2: Referring to Fig 4(b), the cleaning liquid 
pouring nozzle 4 pouring out the cleaning liquid at a dis- 
charge rate of, for example, 250 ml/min is moved from a 
position corresponding to the central part of the wafer W 
toward a predetermined position at a moving speed in 
the range of 5 to 30 mm/s, normally, at 10 mm/s while 
the spin chuck 2 is rotating at a rotating speed in the 
range of 1 500 to 200 rpm. When the position onto which 
the cleaning liquid is poured is thus moved radially out- 
ward from the central part of the wafer W, a dry area is 
created in the central part of the wafer W; that is, the 
cleaning liquid poured onto the central part of the wafer 
W flows radially away from the central part of the wafer 
W, the cleaning liquid film starts drying from its central 
part and a dry area 6, namely, a core, is formed in the 
central part of the wafer W. The dry area (core) 6 expands 
radially. It is important to move the cleaning liquid pouring 
nozzle 4 radially outward at a moving speed such that a 
position on the surface of the wafer W onto which the 
cleaning liquid is poured is always ahead of the margin 
of the dry area 6. Therefore, a preferable moving speed 
at which the cleaning liquid pouring nozzle 4 is dependent 
on the rotating speed of the wafer W and the discharge 
rate at which the cleaning liquid is poured out. The dry 
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area 4 is an area of the surface of the wafer W exposed 
after the cleaning liquid wetting the area has evaporated. 
The dry area may be an area wetted with liquid drops of 
sizes on the order of micrometers. 
[0040] Step 3: Referring to Fig. 4(c), pouring the clean- 
ing liquid through the cleaning liquid pouring nozzle 4 is 
stopped immediately after the cleaning liquid pouring 
nozzle 4 has been stopped at a position inside the pe- 
ripheral edge of the wafer W and at a predetermined dis- 
tance from the center of the wafer W. Preferably, the 
predetermined distance is in the range of 50 mm or above 
from the center of the wafer W to a distance from the 
center of the wafer W to a position at a radial distance of 
5 mm or above from the peripheral edge of the wafer W. 
More specifically, the predetermined distance is in the 
range of 50 to 95 mm from the center of the wafer W, 
i.e., in the range of 50 mm from the center of the wafer 
W to a distance from the center of the substrate to a 
position at 5 mm or above from the peripheral edge to- 
ward the center of the wafer W, if the wafer W is an 8 in. 
diameter wafer. Normally, the predetermined distance 
for an 8 in. diameter wafer is 80 mm. The predetermined 
distance is in the range of 50 to 1 45 mm from the center 
of the wafer W, i.e., a distance in the range of 50 mm 
from the center of the wafer W to a distance from the 
center of the wafer W to a position at 5 mm or above from 
the peripheral edge toward the center of the wafer W, if 
the substrate is an 12 in. diameter wafer. Normally, the 
predetermined distance is 80 mm for a 12 in. diameter 
wafer. If pouring the cleaning liquid is stopped at a posi- 
tion near the center of the wafer W, it is possible that the 
cleaning liquid wetting a peripheral part of the wafer W 
is caused to fly off the wafer W by centrifugal force and 
the peripheral part of the wafer W starts drying. There- 
fore, it is desirable to pour the largest possible quantity 
of the cleaning liquid onto an outer area, contiguously 
surrounding the dry area 6, on the surface of the wafer 
W after the dry area has been created. An operation for 
stopping pouring the cleaning liquid is timed such that 
pouring the cleaning liquid is stopped before the margin 
of the dry area 6 reaches a position onto which the clean- 
ing liquid is poured. If the cleaning liquid pouring nozzle 
4 is stopped at a position at a distance of 80 mm from 
the center of the wafer W, pouring the cleaning liquid is 
stopped, for example, within 1 s after the cleaning liquid 
pouring nozzle 4 has been stopped. In step 3, it is pref- 
erable to continue supplying the cleaning liquid to the 
cleaning liquid pouring nozzle 4 until the moment imme- 
diately before the arrival of the margin of the dry area 6 
at a position onto which the cleaning liquid is poured. 
Only supply of the cleaning liquid to the .cleaning liquid 
pouring nozzle 4 may be stopped without stopping mov- 
ing the cleaning liquid pouring nozzle 4. 
[0041 ] If the cleaning liquid pouring nozzle 4 is stopped 
at a position too far from the center of the wafer W, the 
centrifugal force acting on the cleaning liquid increases. 
Consequently, the cleaning liquid poured onto the sur- 
face of the wafer W splashes, the flow of the cleaning 



liquid on the wafer W is disturbed, foreign matters, such 
as the dissolution product or particles, adhered to the 
wafer W in the developing process is stirred up, the for- 
eign matter removing function of the margin of the dry 

5 area 6 becomes ineffective and, consequently, there is 
a strong possibility that the foreign matters remain on" the 
wafer W. If the cleaning liquid pouring nozzle 4 is stopped 
at a position near the center of the wafer W, the margin 
of the dry are 6 reaches a position onto which the cleaning 

10 liquid is poured in a very short time. Since pouring the 
cleaning liquid must be stopped before the margin of the 
dry are 6 reaches aposition onto which the cleaning liquid 
is poured, a peripheral part of the wafer W cannot be 
wetted with a sufficient quantity of the cleaning liquid. In 

15 view of such problems, it is preferable to move the clean- 
ing liquid pouring nozzle 4 pouring out the cleaning liquid 
to a position at a distance in the range of 50 mm from 
the center of the wafer W to a distance from the center 
of the wafer W to a position at 5 mm from the peripheral 

20 edge of the wafer W and to continue pouring out the 
cleaning liquid until the moment immediately before the 
margin of the dry area 6 reaches the position where the 
cleaning liquid pouring nozzle 4 is stopped. More specif- 
ically, it is preferable to continue pouring out the cleaning 

25 liquid until a moment immediately before the margin of 
the dry area 6 reaches a position at a predetermined 
position. The predetermined position is at a distance in 
the range of 50 to 95 mm from the center of the substrate, 
i.e., a position at a distance in the range of 50 mm from 

30 the center of the wafer W to a distance from the center 
of the wafer W to a position at 5 mm from the peripheral 
edge toward the center of the substrate, if the substrate 
is an 8 in. diameter semiconductor wafer or in the range 
of 50 to 145 mm from the center of the substrate, i.e., a 

35 distance in the range of 50 mm and a distance from the 
center of the wafer W to a position at 5 mm or above from 
the peripheral edge toward the center of the wafer W, if 
the wafer W is an 12 in. diameter semiconductor wafer. 
Normally, the predetermined distance is 80 mm for an 8 

to in. diameter semiconductor wafer and is 80 mm for a 1 2 
in. diameter semiconductor wafer. According to the 
present invention the cleaning liquid pouring nozzle 4 
pouring out the cleaning liquid may be moved to the pe- 
ripheral edge of the wafer W with out stopping the clean- 

45 jng liquid pouring nozzle 4. The cleaning effect of such 
a mode of pouring the cleaning liquid according to the 
present invention is higher that of the conventional spin 
cleaning mode. 

[0042] Step 4: The wafer W is rotated continuously at 
50 that rotating speed (2000 rpm in this example) after stop- 
ping pouring the cleaning liquid through the cleaning liq- 
uid pouring nozzle 4 to expand the dry area 6 radially 
outward as shown in Fig. 4(d). As the dry area expands 
radially, the evaporated cleaning liquid R exerts pressure 
55 on a marginal part of a film of the cleaning liquid R con- 
tiguous with the margin of the dry area 6 and, conse- 
quently, the marginal part of the film of the cleaning liquid 
R rises in a bank as shown in Figs. 59a) and 5(b). The 
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bank of the cleaning liquid R runs to the peripheral edge 
of the wafer W. When the cleaning liquid rises to form 
the bank, foreign matters lying between the surface of 
the wafer W and the film of the cleaning liquid are stirred 
up and are carried outside the wafer W by the cleaning 
liquid. 

[0043] Step 5: After the dry area 6 has expanded to 
the peripheral edge of the wafer W, the cleaning liquid 
pouring nozzle 4 is moved away from the wafer W and 
the wafer W is kept rotating to dry the wafer W by shaking 
off liquid drops remaining on the wafer W by centrifugal 
force. The rotating speed of the wafer W to dry the wafer 
by shaking off liquid drops is 2000 rpm when the wafer 
W is a 1 2 in. diameter wafer or 4000 rpm when the wafer 
W is an 8 in. diameter wafer. Preferably, the rotating 
speed for drying the wafer by shaking off liquid drops is 
in the range of 2000 to 2500 rpm for 12 in. diameter wafers 
and in the range of 20uu to zt>uo rpm Tor 8 in. diameter 
wafers. 

[0044] The CPU reads the program from the storage 
device of the controller 5 and provides control signals for 
controlling the component mechanisms on the basis of 
instructions specified in the program to execute a series 
of steps 1 to 5. The step 1 forformingafilm of the cleaning 
liquid over the surface of the wafer W needs to achieve 
only wetting the entire surface of the wafer W with the 
cleaning liquid and hence there are not any particular 
restrictions on the rotating speed of the wafer W and the 
cleaning liquid pouring rate. For example, the rotating 
speed and the cleaning liquid pouring rate for the step 1 
may be the same as those for the step 2. 
[0045] The developing apparatus in the first embodi- 
ment rotates the wafer W processed by the developing 
process to spread the cleaning liquid radially from the 
central part of the wafer W to form the film of the cleaning 
liquid, creates the dry area 6 in the central part of the 
wafer W, and then rotates the wafer W at 1500 rpm to 
expand the dry area 6 by centrifugal force. Therefore, 
foreign matters remaining on the surface of the wafer W 
can be highly effectively removed by the cleaning mech- 
anism as estimated with reference to Fig. 5 and as will 
be well supported by the following description of other 
embodiments, foreign matters remaining on the surface 
of the wafer W can be reduced and the production of 
defects by the developing process can be suppressed. 
A cleaning time, i.e., a time between a moment pouring 
the cleaning liquid is started and a moment shaking off 
liquid drops and drying the wafer W can be started, is as 
short as 10 s or less and hence the throughput can be 
improved. 

Second Embodiment 

[0046] A developing apparatus in a second embodi- 
ment according to the present invention differs from the 
developing apparatus in the first embodiment in being 
provided with a gas blowing nozzle 7 in addition to com- 
ponents like those of the developing apparatus in the first 



embodiment. As shown in Fig. 6, the gas blowing nozzle 
7 may be held together with a cleaning liquid pouring 
nozzle 4 on a common arm for movement together with 
the cleaning liquid pouring nozzle 4 orthe cleaning liquid 
5 pouring nozzle 4 and the gas blowing nozzle 7 may be 
separately moved. In Fig. 6, the gas blowing nozzle 7 
and the cleaning liquid pouring nozzle 4 are fixedly con- 
nected by a support member 71 . The gas blowing nozzle 
7 and the cleaning liquid pouring nozzle 4 are spaced 
to about 30 mm apart. For example, a gas supply pipe con- 
nects the gas blowing nozzle 7 to a gas supply system 
73. The gas supply system 73 includes a gas source, 
valves, flow regulators and such. The controllers controls 
the gas supply system 73 to control a gas supply oper- 
15 ation. 

[0047] A wafer W processed by a developing process 
is cleaned by a cleaning procedure illustrated in Fig. 7. 
The developing apparatus in the second embodiment dif- 
fers from that in the first embodiment in blowing a gas 

20 against a central part of the wafer W after pouring a clean- 
ing liquid onto the central part and instantly stopping 
blowing the gas, and is the same in other respects as the 
developing apparatus in the first embodiment. A gas 
blowing timeforwhichthegas isblown against the central 

25 part is in the range of 0.5 to 2.0 s. A cleaning process 
will be described mainly in terms of operations different 
from those of the first embodiment. 
[0048] Step 1 : Referring to Fig. 7(a), a cleaning liquid, 
such as pure water, is poured through the cleaning liquid 

30 pouring nozzle 4 onto a central part of a wafer W. 

[0049] Step 2: Referring to Fig. 7(b), the cleaning liquid 
pouring nozzle 4 pouring out the cleaning liquid at a pre- 
determined pouring rate is moved for a distance corre- 
sponding to the distance between the cleaning liquid 

35 pouring nozzle 4 and the gas blowing nozzle 7 to a po- 
sition at a distance from the center of the wafer W. Then, 
a gas is blown through the gas blowing nozzle 7 against 
the central part of the wafer W for 1 s, and then blowing 
the gas is stopped as shown in Fig. 7(c). A dry area 6, 

40 namely, a core, can be formed in the central part of the 
wafer W by shifting a pouring position at which the clean- 
ing liquid is poured from the central part of the wafer W 
to a position outside the central part and blowing the gas 
against the central part of the wafer W. 

45 [0050] Step3: Referringto Fig. 7(d), the cleaning liquid 
pouring nozzle 4 pouring outthe cleaning liquid is moved, 
in the manner as mentioned in connection with the de- 
scription of the first embodiment, to a predetermined po- 
sition at a distance in the range of 50 to 145 mm from 

50 the center of the wafer W, such as a position at 80 mm 
from the center of the wafer W, and the cleaning liquid 
pouring nozzle 4 is stopped and pouring the cleaning 
liquid is stopped as shown in Fig. 7(e). It is important to 
move the cleaning liquid pouring nozzle 4 radially out- 

55 ward at a moving speed such that a position on the sur- 
face of the wafer W onto which the cleaning liquid is 
poured is always ahead of the margin of the dry area 6. 
[0051 ] Step 4: The rotation of the wafer W is continued 
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after stopping pouring the cleaning liquid through the 
cleaning liquid pouring nozzle 4 to expand the dry area 
6 radially outward. The rotating speed is 4000 rpm for an 
8 in. diameter wafer and is 2000 rpm for a 12 in. diameter 
wafer. Subsequently, the cleaning liquid pouring nozzle 
4 is moved away from the wafer W and the wafer W is 
kept rotating to dry the wafer W by shaking off liq uid drops 
remaining on the wafer W as shown in Fig. 7(f). 
[0052] A series of steps 1 to 4 are executed according 
to a program stored in a storage device included in a 
controller 5. 

[0053] The second embodiment blows the gas against 
the central part of the wafer W after spreading a film of 
the cleaning liquid from the central part of the wafer W 
and stops blowing the gas instantly. Therefore, develop- 
ing apparatus is able to form the dry area 6 more surely 
than the developing apparatus that does not blow a gas 
agai nst the central part of the wafer and effect of cleaning 
an area near the center of the wafer can be enhanced. 

Third Embodiment 

[0054] A developing apparatus in a third embodiment 
according to the present invention differs from the devel- 
oping apparatus in the first embodiment in being provided 
with two cleaning liquid pouring nozzles, namely, a first 
cleaning liquid pouring nozzle 4 and a second cleaning 
liquid pouring nozzle 8, pouring a cleaning liquid onto a 
central part of a wafer W through the first cleaning liquid 
pouring nozzle 4 and pouring the cleaning liquid onto a 
part at a predetermined distance from the center of the 
wafer W. A cleaning process will be described mainly in 
terms of operations different from those of the first em- 
bodiment. 

[0055] Step 1 : Referring to Fig. 8(a), the first cleaning 
liquid pouring nozzle 4 and the second cleaning liquid 
pouring nozzle 8 are disposed at a position correspond- 
ing to the center of the wafer W and at a position corre- 
sponding to a part of the wafer W, for example, at 80 mm 
from the center of the wafer W, respectively. Then, the 
first cleaning liquid pouring nozzle 4 and the second 
cleaning liquid pouring nozzle 8 pour out a cleaning liquid, 
such as pure water, simultaneously. 
[0056] Step 2: Referring to Fig. 8(b), pouring out the 
cleaning liquid through the first cleaning liquid pouring 
nozzle 4 is stopped after pouring out the cleaning liquid, 
for example, for 5s. Consequently, a dry area 6 is created 
in the central part of the wafer W. 
[0057] Step 3: The dry area 6 expands radially outward 
over the surface of the wafer W. Pouring the cleaning 
liquid through the second cleaning liquid pouring nozzle 
8 is stopped before the margin of the dry area 6 reaches 
a part of the wafer W onto which the cleaning liquid is 
poured by the second cleaning liquid pouring nozzle 8 
as shown in Fig. 8(c). 

[0058] Step 4: The rotation of the wafer W is continued 
after stopping pouring the cleaning liq uid through the sec- 
ond cleaning liquid pouring nozzle 8 to expand the dry 



area 6 radially outward. Then, as shown in Fig. 8(d), the 
cleaning liquid pouring nozzles 4 and 8 are moved away 
from the wafer W, and liquid drops are shook off the wafer 
Wto dry the waferW in a manner similarto that mentioned 
5 in the description of the first embodiment. 

[0059] A series of steps 1 to 4 are executed according 
to a program stores in a storage device included in a 
controller 5. 

[0060] The third embodiment is the same in effect as 
10 the first embodiment. The cleaning liquid pouring nozzles 
4 and 8 may be moved either individually by separate 
nozzle moving mechanisms or collectively by a single 
nozzle moving mechanism. 

15 Fourth Embodiment 

[0061] A fourth embodiment is a combination of the 
second and the third embodiment. Fig. 9 shows an es- 
sential part of a developing apparatus in the fourth em- 

20 bodiment. The developing apparatus in the fourth em- 
bodiment is provided with two cleaning liquid pouring 
nozzles, namely, a first cleaning liquid pouring nozzle 4 
and a second cleaning liquid pouring nozzle 8, and a gas 
blowing nozzle 7. The first cleaning liquid pouring nozzle 

25 4 does not need to be moved to a position corresponding 
to a part of a wafer outside a dry area 6 after pouring a 
cleaning liquid onto a central part of the wafer W. There- 
fore, the first cleaning liquid pouring nozzle 4 and the gas 
blowing nozzle 7 are combined close together and are 

30 moved by a single nozzle moving mechanism. A cleaning 
process to be performed by the developing apparatus in 
the fourth embodiment will be described. 
[0062] Step 1 : Referring to Fig 1 0(a), the first cleaning 
liquid pouring nozzle 4 and the second cleaning liquid 

35 pouring nozzle 8 are disposed at a position correspond- 
ing to the center of the wafer W and at a position corre- 
sponding to a part of the wafer W, for example, at 80 mm 
from the center of the wafer W, respectively. Then, the 
first cleaning liquid pouring nozzle 4 and the second 

40 cleaning liquid pouring nozzle 8 pour out acleaning liquid, 
such as pure water, simultaneously. 
[0063] Step 2: Referring to Fig. 10(b), pouring the 
cleaning liquid through the first cleaning liquid pouring 
nozzle 4 is stopped after pouring the cleaning liquid, for 

45 example, for 5 s, and then a gas is blown through the 
gas blowing nozzle 7 against a central part of the wafer 
W, for example, for 1 s. Thus a dry area 6, namely, a 
core, can be su rely created in the central part of the wafer 
W. 

50 [0064] Step 3: Then, as shown in Fig. 10(c), blowing 
the gas through the gas blowing nozzle 7 is stopped and 
the wafer @ is rotated continuously, fore example, at 
2000 rpm to expand the dry area 6, while the cleaning 
liquid is being poured out through the second cleaning 

55 liquid pouring nozzle 8. 

[0065] Step 4: The dry area 76 expands radially over 
the surface of the wafer W. Pouring out the cleaning liquid 
through the second cleaning liquid pouring nozzle 8 is 
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stopped before the margin of the dry area 6 reaches a 
part of the wafer W onto which the cleaning liquid is 
poured through the second cleaning liquid pouring nozzle 
8 as shown in Fig. 1 0(d). 

[0066] Step 5: The wafer W is rotated continuously at 
the same rotating speed after stopping pouring out the 
cleaning liquid through thesecond cleaning liquid pouring 
nozzle 8 to expand the dry area 6 radially outward. Then, 
as shown in Fig. 1 0(e), the cleaning liquid pouring nozzles 
4 and 8 and the gas blowing nozzle 7 are moved away 
from the wafer W, and liquid drops are shook off the wafer 
Wto dry the wafer W in a mannersimilarto that mentioned 
in the description of the first embodiment. 
[0067] A series of steps 1 to 5 are executed according 
to a program stored in a storage device included in a 
controller 5. 

[0068] The fourth embodiment is the same in effect as 
the second embodiment provided with the gas blowing 
nozzle 7. The fourth embodiment can be set for various 
conditions more easily than the second embodiment. The 
second embodiment needs to locate the gas blowing noz- 
zle 7 at a position corresponding to the central part of the 
wafer W substantially simultaneously with shifting the first 
cleaning liquid pouring nozzle 4 away from the position 
corresponding to the central part of the wafer W and to 
move the first cleaning liquid pouring nozzle 4 such that 
a part of the wafer onto which the first cleaning liquid 
pouring nozzle 4 pours the cleaning liquid is always 
ahead of the margin of the expanding dry area 6. Since 
the fourth embodiment is provided with the two cleaning 
liquid pouring nozzles 4 and 8, the fourth embodiment 
does not need to perform such operations. 
[0069] The cleaning liquid used by the present inven- 
tion is not limited to pure water and may be, for example, 
a solution of a surface active agent. A solution of a surface 
active agent may be used for cleaning the wafer W, and 
then the wafer W may be cleaned with pure water. The 
wafer W may be processed by a prec leaning process 
before cleaning the wafer W by the cleaning process 
mentioned above. In the precleaning process, a cleaning 
liquid may be poured, for example, continuously or inter- 
mittently onto a central part of a rotating wafer W. 
[0070] Each of the first to the fourth embodiment esti- 
mates the expansion of the dry area 6 from the central 
part of the wafer W on the basis of empirical data. A 
developing apparatus provided with an image sensor 76 
for measuring the expansion of the dry area 6 from the 
central part of the wafer W will be described. 
[0071] The image sensor 76 may be, for example, a 
charge-coupled image sensor. The image sensor 76 is 
used in combination with an optical system including 
lenses and such and an illuminating light source. The 
image sensor 76 is disposed above the center of the wa- 
fer W so that the image sensor 76 may not obstruct the 
operations of the moving members including the cleaning 
liquid pouring nozzle 4. The image sensor 76 is controlled 
by a controllers and gives measured data to the controller 
5. The controlled uses the measured data for controlling 



various operations. 

[0072] The image sensor 76 senses the time-varying 
optical density of an image of the wafer W formed on its 
light-receiving surface by a lens and provides an output 
5 signal representing the time-varying condition of the dry 
area 6 varying with time. The optical density of an optical 
image of the surface of the wafer W changes at the 
boundary between the margin of the dry area and the 
outer area contiguously surrounding the dry area 6. 
10 Therefore the time-varying radius of the dry area 6 can 
be determined on the basis of the output signal provided 
by the image sensor 76. More specifically, the radius of 
the dry area 6 at every measuring time is determined by 
measuring the radial position of the inner margin of the 
15 film of the cleaning liquid R contiguous with the dry area 
6 as shown in Figs. 5(a) and 5(b) to determine the time- 
varying expanse of the dry area 6. If the dry area is not 
exactly circular, the shape of the dry area 6 is converted 
into an equivalent circle by software specified in a pro- 
gram, and the radius of the equivalent circle is deter- 
mined. Although the distance between the center of the 
wafer W and the inner margin of the film of the cleaning 
liquid R corresponds to the radius of the dry area 6, the 
radius of the dry area 6 may be determined by subtracting 
a proper value from the radius determined in the forego- 
ing manner. When the radius of the dry area 6 is thus 
determined, the cleaning liquid can be continuously 
poured through the moving cleaning liquid pouring nozzle 
4 until a moment immediately before the margin of the 
dry area 6 reaches a part of the wafer W onto which the 
cleaning liquid is spouted. 

[0073] The controller 5 is able control various control- 
led variables, such as the travel, position and moving 
speed of the cleaning liquid pouring nozzle 4, time for 
stopping the cleaning liquid pouring nozzle 4, the flow 
rate of the gas blown through the gas blowing nozzle 7 
against the central part of the wafer W and time for blow- 
ing the gas on the basis of the information about the size 
of expanse of the dry area 6 provided by the image sensor 
76. Since the expansion of the dry area 6 created in the 
central part of the wafer Wean be measured by the image 
sensor 76, the respective positions of the cleaning liquid 
pouring nozzle 4 and the gas blowing nozzle 7, times for 
moving the cleaning liquid pouring nozzle 4 and the gas 
blowing nozzle 7 and the respective rates of supply of 
the cleaning liquid and the gas can be properly controlled. 

Examples 

Example 1 

[0074] A 12 in. diameter wafer W processed by a resist 
film forming process, an exposure process and a devel- 
oping process was cleaned by the developing apparatus 
in the second embodiment. 
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Comparative example 1 

[0075] A 1 2 in. diameter wafer W like that used in Ex- 
ample 1 was cleaned by the developing apparatus in the 
second embodiment. The gas was blown continuously 
after the gas nozzle 7 started blowing the gas against 
the central part of the wafer, the gas was blown through 
the gas blowing nozzle 7 against a part just on the inner 
side of a part onto which the cleaning liquid was poured 
through the cleaning liquid pouring nozzle 4, and the noz- 
zles 4 and 7 were moved to the peripheral edge of the 
wafer W. The wafer W was rotated at the same rotating 
speed and the cleaning liquid was poured at the same 
pouring rate as those in Example 1. 

Comparative example 2 

[0076] A wafer was cleaned by a conventional spin 
cleaning method that poured a cleaning liquid at a pouring 
rate of 1 l/min for 1 5 s. 

[0077] The numbers of particles on the thus cleaned 
wafers were counted. The number of particles in Com- 
parative example 1 was 28% and that in Example 1 was 
8% when the number of particles in Comparative exam- 
ple was 100%. Results of the experimental cleaning op- 
erations proved that the cleaning effect of the cleaning 
method that blows the gas against the central part of the 
wafer and moves gas blowing position together with 
cleaning liquid pouring position to the peripheral edge of 
the wafer is higher than that of the cleaning method that 
only pours the cleaning liquid onto the central part of the 
wafer, and that the cleaning effect of the cleaning method 
of the present invention that blows the gas only against 
the central part of the wafer is far higher than those of 
the cleaning methods carried out in comparative exam- 
ples. 

Resist-Applying-and-Developing System 

[0078] A resist-applying-and-developing system em- 
ployingthe developing apparatus of the present invention 
will be briefly described by way of example with reference 
to Figs. 1 1 and 12. In Figs. 1 1 and 12, indicated at B1 is 
a carrier holding section for holding carriers C1 each con- 
taining, for example, thirteen wafers W, namely, sub- 
strates, in an airtight fashion. The carrier holding section 
B1 has a carrier table 90 provided with a plurality of carrier 
holders 90a each for holding a carrier C1 , gates 91 built 
in a wall on the front side of the carrier table 90, and a 
transfer device A1 for taking out the wafers W from the 
carrier C1 through the gate 91 . 

[0079] A processing section B2 contained in a housing 
92 is connected to the front end of the carrier holding 
section B1. Included in the processing section B2 are 
shelved processing units U1 , U2and U3formed by stack- 
ing heating/cooling devices, and main carrying devices 
A2 and A3 for carrying the wafers W between processing 
units including a resist pattern forming unit. The shelved 



processing units U1, U2 and U3 and the main carrying 
devices A2 and A3 are arranged alternately. The shelved 
processing units U1 , U2 and U3 are arranged in a longi- 
tudinal row and the main carrying devices A2 and A3 are 
5 arranged in a longitudinal row. Joining parts joining ad- 
jacent ones of the shelved processing units U1, U2 and 
U3 and the main carrying devices A2 and A3 are provided 
with gates, respectively, to move the wafer W from the 
shelved processing unit U1 at one end of the processing 
section B2 through the processing section B2 to the 
shelved processing unit U3 at the other end of the 
processing section B2. The main carrying devices A2 
and A3 are installed in spaces defined by side walls of 
the shelved processing units U1, U2 and U3, side walls 
of liquid processing units U4 and U5 on the right-hand 
side with respect to a longitudinal direction in which the 
shelved processing units U1, U2 and U3 are arranged, 
and partition walls 93. Indicated at 94 and 95 are tem- 
perature-and-humidity regulating units provided with 
temperature regulating devices for regulating the tem- 
perature of process liquids to be used by the processing 
units and air-conditioning ducts. 

[0080] As shown in Fig. 16, the liquid processing unit 
U4 has coating devices COT and anti reflection film form- 
ing devices BARC stacked in, for example, five layers on 
a storage unit 96, namely, chemical solution supply 
space, and the liquid processing unit U5 has developing 
devices DEV, namely, developing apparatuses accord- 
ing to the present invention, stacked in, for example, five 
layers on a storage unit 96. The shelved processing units 
U1, U2 and U3 have each various devices stacked in, 
for example, ten layers to process wafers before and after 
processes to be performed by the liquid processing units 
U4 and U5. The shelved processing units U1 , U2 and U3 
include heating devices to heat wafers W for baking and 
cooling devices to cool wafers W. 
[0081] An interface section B3 is disposed behind the 
shelved processing unit U3 of the processing section B2 
and an exposure section B4 is joined to the interface 
section B3. The interface section B3 has, for example, a 
first carrying chamber 97 and a second carrying chamber 
98. The interface section has two transfer devices A4 
and A5, a shelved processing unit U6 and a buffer carrier 
CO. The transfer devices A4 and A5 carry wafers W be- 
tween the processing section B2 and the exposure sec- 
tion B4. 

[0082] The flow of a wafer in this system will be de- 
scribed by way of example. A carrier C1 holding wafers 
W is delivered to the carrier table 90. Then, the gate 91 
is opened and the lid of the carrier C1 is removed. The 
transfer device A1 takes out a wafer W from the carrier 
C1 . The wafer W is transferred through a transfer unit, 
not shown, included in the shelved processing unit U1 to 
the main carrying device A2. The wafer W is subjected 
to pretreatment processes, such as antireflection film 
forming process and a cooling process, by the devices 
of the shelved processing units U1 to U3 before being 
subjected to a coating process. Subsequently, a liquid 
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resist is applied to the wafer W by the coating device 
COT. Then, the wafer W is heated for baking by one of 
the heating devices of the shelved processing units U1 
to U3, and the wafer W is cooled. Then, the cooled wafer 
W is transferred by the transfer device of the shelved 
processing unit U3 to the interface section B3. For ex- 
ample, the interface section B3 carries the wafer W to 
the shelved processing unit U6 by the transfer device A4, 
from the shelved processing unit U6 to the exposure sec- 
tion B4 by the transfer device A5. Then, the exposure 
section B4 processes the wafer W by an exposure proc- 
ess. After the completion of the exposure process, the 
wafer W is reversed to the main carrying device A2 and 
the resist film formed on the wafer W is developed by the 
developing device DEV to form a resist mask. Then, the 
wafer W is returned to the carrier C1 placed on the carrier 
table 90. 



8 in. 



4. The cleaning method according to claim 2, wherein 
the predetermined distance is a distance from the 

5 center of the substrate to a position at a distance of 

5 mm or above toward the center from the peripheral 
edge of the substrate. 

5. The cleaning method according to any one of claims 
10 1 to 4, wherein the step of pouring the cleaning liquid 

onto the outer area contiguously surrounding the dry 
area on the surface of the substrate pours the clean- 
ing liquid through a cleaning liquid pouring nozzle 
for pouring the cleaning liquid onto the central part 
is of the substrate. 

6. The cleaning method according to any one of claims 



Claims 

1. A cleaning method of cleaning a surface of a sub- 
strate processed by a developing process that de- 
velops an exposed film formed on the substrate by 
wetting the exposed film with a developer, said 
cleaning method comprising the steps of: 

pouring a cleaning liquid onto a central part of 
the substrate held in a horizontal position on a 
substrate holding device rotating about a vertical 
axis; 

creating a dry area not wetted with the cleaning 
liquid in a central part of the substrate by stop- 
ping pouring the cleaning liquid or by shifting a 
cleaning liquid pouring position to which the 
cleaning liquid is poured from the central part 
while the substrate holding device is rotating; 
expanding the dry area outward from the central 
part of the. substrate by with rotating the sub- 
strate holding device at a rotating speed not low- 
er than 1500 rpm without pouring the cleaning 
liquid onto the dry area ; and 
pouring the cleaning liquid onto an outer area 
contiguously surrounding the dry area on the 
surface of the substrate. 

2. The cleaning method according to claim 1 , further 
comprising the step of stopping pouring the cleaning 
liquid at a position inside the peripheral edge of the 
substrate and at a predetermined distance from a 
center of the substrate succeeding the step of pour- 
ing the cleaning liquid onto an area outside the dry 
area. 

3. The cleaning method according to claim 2, wherein 
the predetermined distance from the center of the 
substrate is 50 mm or above if the substrate is a 
semiconductor wafer of a diameter not smaller than 



1 to 4, wherein the step of pouring the cleaning liquid 
onto the outer area contiguously surrounding the dry 
20 area on the surface of the substrate pours the clean- 
ing liquid through a cleaning liquid pouring nozzle 
other than a cleaning liquid pouring nozzle through 
which the cleaning liquid is poured onto a central 
part of the substrate. 

25 

7. The cleaning method according to any one of claims 
1 to 4, wherein the step of pouring the cleaning liquid 
onto the outer area contiguously surrounding the dry 
area on the surface of the substrate is performed 

30 with reference to data on the expanse of the dry area 
provided by an image sensor. 

8. The cleaning method according to any one of claims 
1 to 4, wherein the step of creating a dry area in a 

35 central part of a substrate includes, in addition to 
stopping pouring the cleaning liquid or shifting a po- 
sition onto which the cleaning liquid is poured radially 
outward from the center of the substrate, blowing a 
gas onto a central part of the substrate for a moment 

40 and instantly stopping blowing the gas. 

9. A developing apparatus for developing an exposed 
film formed on a substrate by pouring a developer 
through a developer pouring nozzle onto the ex- 

45 posed film and subsequently cleaning the surface of 

the substrate, said developing apparatus compris- 
ing: 

a substrate holding device for holding a sub- 

50 strate in a horizontal position; 

a rotating mechanism for rotating the substrate 
holding device about a vertical axis; 
a cleaning liquid pouring nozzle for pouring a 
cleaning liquid onto the substrate held by the 

55 substrate holding device; 

a nozzle driving mechanism for shifting the 

cleaning liquid pouring nozzle; and 

a program specifying an operation including the 
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steps of: rotating the substrate holding device 
and pouring the cleaning liquid through the 
cleaning liquid pouring nozzle onto acentral part 
of the substrate; creating a dry area not wetted 
with the cleaning liquid in a central part of the 
substrate by shifting the cleaning liquid pouring 
nozzle radially outward from the central part of 
the substrate; expanding the dry area radially 
outward from the central part of the substrate by 
rotating the substrate holding device at a rotating 
speed not lower than 1500 rpm and by shifting 
the cleaning liquid pouring nozzle radially out- 
ward at a nozzle moving speed high enough to 
keep the cleaning liquid pouring position ahead 
of the margin of the dry area. 

10. The developing apparatus according to claim 9, 
wherein the program is designed to execute a step 
of stopping pouring the cleaning liquid at a position 
on the substrate at a distance from the peripheral 
edge toward the center of the substrate and at a pre- 
determined distance from the center toward the pe- 
ripheral edge of the substrate in addition to the step 
of moving the cleaning liquid pouring position radially 
outward at a speed high enough to keep the cleaning 
liquid pouring position ahead of the margin of the dry 
area. 

11. The developing apparatus according to any one of 
claims 9 to 10, further comprising an image sensor 
capable of providing data on the expanse of the dry 
area, wherein the program is so designed as to ex- 
ecute the step of moving the cleaning liquid pouring 
nozzle radially outward at a nozzle moving speed 
high enough to keep the cleaning liquid pouring po- 
sition ahead of the margin of the dry area with refer- 
ence to the data on the expanse of the dry area pro- 
vided by the image sensor. 

12. The developing apparatus according to any one of 
claims 9 to 1 0, further comprising a gas blowing noz- 
zle for blowing a gas onto the substrate. When the 
developing apparatus includes the gas blowing noz- 
zle, wherein the step of creating a dry area in a central 
part of the substrate includes blowing a gas onto a 
central part of the substrate for a moment immedi- 
ately after shifting the cleaning liquid pouring position 
from the center of the substrate radially outward and 
instantly stopping blowing the gas. 

13. A developing apparatus for developing an exposed 
film formed on a substrate by pouring a developer 
through a developer pouring nozzle onto the ex- 
posed film and subsequently cleaning the surface of 
the substrate, said developing apparatus compris- 
ing: 

a substrate holding device for holding a sub- 



strate in a horizontal position; 

a rotating mechanism for rotating the substrate 

holding device about a vertical axis; 

first and second cleaning liquid pouring nozzles 

5 for pouring a cleaning liquid onto the substrate 

held by the substrate holding device; and 
a program specifying an operation including the 
steps of: rotating the substrate holding device, 
pouring the cleaning liquid through the first 

10 cleaning liquid pouring nozzle onto acentral part 

of the substrate, and pouring the cleaning liquid 
through the second cleaning liquid pouring noz- 
zle onto a position at a predetermined distance 
from the center of the substrate; creating a dry 

15 area not wetted with the cleaning liquid in a cen- 

tral part of the substrate by stopping pouring the 
cleaning liquid through the first cleaning liquid 
pouring nozzle; expanding the dry area radially 
outward from the central part of the substrate by 

20 rotating the substrate holding device at a rotating 

speed not lower than 1500 rpm; and stopping 
pouring the cleaning liquid through the second 
cleaning liquid pouring nozzle before the dry ar- 
ea expands to a position onto which the second 

25 cleaning liquid pouring nozzle pours the clean- 

ing liquid or moving the second cleaning liquid 
pouring nozzle radially outward at a nozzle mov- 
ing speed high enough to keep the cleaning liq- 
uid pouring position ahead of the margin of the 

30 dry area. 

14. The developing apparatus according to claim 13, fur- 
ther comprising a gas blowing nozzle for blowing a 
gas onto the su bstrate, 

35 wherein the step of creating a dry area not wetted 
with the cleaning liquid in a central part of the sub- 
strate includes blowing the gas through the gas blow- 
ing nozzle onto the central part of the substrate im- 
mediately after stopping pouring the cleaning liquid 
through the first cleaning liquid pouring nozzle and 
instantly stopping blowing the gas. 

15. The developing apparatus according to claim 13, fur- 
ther comprising an image sensor capable of provid- 
es ing data on the expanse of the dry area, 

wherein the step of stopping pouring the cleaning 
liquid through the second cleaning liquid pouring 
nozzle before the dry area expands to a position onto 
which the second cleaning liquid pouring nozzle 

50 pours the cleaning liquid or moving the second clean- 
ing liquid pouring nozzle radially outward at a nozzle 
moving speed high enough to keep the cleaning liq- 
uid pouring position ahead of the margin of the dry 
area is executed with reference to the data on the 

55 expanse of the dry area provided by the image sen- 
sor. 

16. The developing apparatus according to any one of 
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claims 1 4 to 1 5, wherein the substrate is a semicon- 
ductor wafer of a diameter not smaller than 8 in and 
the predetermined distance from the center of the 
substrate is 50 mm or above. 

5 

17. The developing apparatus according to claim 16, 
wherein the predetermined distance is a distance 
from the center of the substrate to a position at a 
distance of 5 mm or above toward the center from 
the peripheral edge of the substrate. 10 
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